Abstract. In the very last years, cosmological models where the properties of the dark components of the Universe -dark matter and dark energy -are accounted for by a single "dark fluid" have drawn increasing attention and interest. Amongst many proposals, Unified Dark Matter (UDM) cosmologies are promising candidates as effective theories. In these models, a scalar field with a non-canonical kinetic term in its Lagrangian mimics both the accelerated expansion of the Universe at late times and the clustering properties of the largescale structure of the cosmos. However, UDM models also present peculiar behaviours, the most interesting one being the fact that the perturbations in the dark-matter component of the scalar field do have a non-negligible speed of sound. This gives rise to an effective Jeans scale for the Newtonian potential, below which the dark fluid does not cluster any more. This implies a growth of structures fairly different from that of the concordance ΛCDM model. In this paper, we demonstrate that forthcoming large-scale surveys will be able to discriminate between viable UDM models and ΛCDM to a good degree of accuracy. To this purpose, the planned Euclid satellite will be a powerful tool, since it will provide very accurate data on galaxy clustering and the weak lensing effect of cosmic shear. Finally, we also exploit the constraining power of the ongoing CMB Planck experiment. Although our approach is the most conservative, with the inclusion of only well-understood, linear dynamics, in the end we also show what could be done if some amount of non-linear information were included.
Introduction
The issue of finding a theoretically satisfying explanation for the so-called "dark sector" of the Universe has become one of the main challenges of contemporary cosmology. The current concordance Λ cold dark matter (ΛCDM) paradigm seems to be a successful model of our cosmos, for its outstanding agreement with many different datasets. Nonetheless, there are still several open problems, one of the most compelling one being the presence of the two unknown dark-energy and dark-matter components in the Universe's total energy budget.
As a matter of fact, data coming from several cosmological régimes and unrelated observables point towards the description of a Universe governed for ∼ 75% by a form of gravitationally-repulsive dark energy -well described by a cosmological constant Λ -and for ∼ 20% by dark matter, i.e. a kind of matter which interacts (almost) only gravitationally and does not emit light. The main observational pieces of evidence favouring this scenario are the temperature anisotropy pattern of the Cosmic Microwave Background (CMB) radiation [1] [2] [3] [4] [5] [6] [7] ; the Hubble diagram of type Ia supernovae [8] [9] [10] [11] [12] [13] [14] [15] [16] ; the clustering properties probing the cosmic Large-Scale Structure (LSS) [17, 18] ; and the problem of the missing mass in the dynamics of galaxies and galaxy clusters [19] [20] [21] [22] [23] [24] .
However, a comprehensive interpretation of the nature of the dark components is still far from being achieved. Moreover, there are several open issues. For instance, it has been shown that dark matter must be constituted by weakly-interacting massive particles rather than massive astrophysical compact-halo objects [25, 26] . Nevertheless, no hint of such particles or their signatures have been detected so far, although the strong effort made by astroparticle and experimental physicists [27] [28] [29] . For what concerns dark energy, the most puzzling problem is probably the ∼ 120 order-of-magnitude discrepancy between the cosmological-constant observed value and what estimated by quantum field theory. This is usually referred to as the "cosmological-constant problem" [30, 31] . Eventually, we also lack the understanding of why these dark components do have comparable magnitudes today. This is the so-called "coincidence problem."
For all these reasons, in the last decades a large number of alternative cosmologies have been proposed. Amongst them, in this paper we focus on a specific class [32] of so-called quartessence or Unified Dark Matter (UDM) models [e.g. [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Here, the properties of a (classical) scalar field with a non-canonical kinetic term in its Lagrangian take the dynamics of both dark matter and dark energy into account. Albeit the background evolution of the Universe can be tailored in order to exactly reproduce ΛCDM -and therefore its agreement with "geometrical" datasets -, one of the principal peculiarities of these models is the arising of a sound speed for the perturbations of the dark-matter-like component of the scalar-field energy density. Such a sound speed induces an effective Jeans length and, as a result, matter perturbations cannot cluster on scales smaller than it.
Recently, these models have drawn an increasing interest. Bertacca et al. [43] have demonstrated how to construct a viable class of UDM model with only one extra parameter compared to ΛCDM. These models could exhibit a sound speed small enough to allow the clustering of the cosmic structures we see today without being plagued by an integrated SachsWolfe effect too large to be compatible with CMB data [44] . Some tests and constraints have already been posed to this class of UDM models [45] [46] [47] . In this paper, we aim to explore the potential of near-future wide-field surveys in constraining these UDM models. Indeed, their interesting behaviour in the growth of matter over-densities will be clearly detectable by a large-scale survey such as Euclid 1 [48] and a CMB probe like Planck 2 [49] .
The paper is structured as follows. In Section 2, we briefly outline the most important theoretical aspects of the class of UDM models we analyse here. Section 3 is devoted to describe the cosmological observables used. Specifically, we exploit the power of the Baryon Acoustic Oscillation (BAO) signature in the galaxy-galaxy power spectrum (Section 3.1.1); information about the large-scale clustering and its time-dependent evolution encoded in the weak lensing effect of cosmic shear (Section 3.1.2); and we also make use of the capability of CMB experiments in constraining cosmological parameters and lifting many degeneracies amongst them (Section 3.2). The characteristics of the large-scale surveys we adopt are presented in Section 4. Our results are discussed in Section 5, whilst in Section 6 we draw the main conclusions.
Unified Dark Matter Models
UDM models are a class of scalar-field theories. Here, a scalar field ϕ(t) accounts for both dark matter and Λ thanks to a non-canonical kinetic term in its Lagrangian. Hereafter, we choose a Lagrangian of the form [32, 43] 
with a Born-Infeld type kinetic term g(X) = − 1 − 2X/Λ [50] . Such a kinetic term can be thought as a field theory generalisation of the Lagrangian of a relativistic particle [51] [52] [53] . It was also proposed in connection with string theory, since it seems to represent a low-energy effective theory of D-branes and open strings, and has been conjectured to play a rôle in cosmology [51, [54] [55] [56] . By using the equation of motion of the homogeneous scalar field ϕ(t) and by imposing that the scalar field Lagrangian is constant along the classical trajectories, i.e. p UDM = −ρ Λ , we can obtain the following expressions for the potentials
2)
3)
] and c ∞ a free parameter.
Background Evolution
We choose the Universe's metric according to a Friedmann-Lemaître-Robertson-Walker line element with a(t) the scale factor as a function of the cosmic time t. We use units such that c = 1 and signature {−, +, +, +}. The energy density of the UDM scalar field considered here presents two terms,
where ρ DM behaves like a dark matter component (ρ DM ∝ a −3 ) and ρ Λ like a cosmological constant component (ρ Λ = const.) Consequently, in these UDM models the Hubble parameter H ≡ d ln a/dt is the same as in ΛCDM, namely
with H 0 = 100 h km s −1 Mpc −1 the Hubble constant, Ω m = Ω DM + Ω b the total matter fraction, given Ω DM and Ω b the dark-matter and baryon densities in units of the critical density, and z = 1/a − 1 the cosmological redshift.
Growth of Cosmic Structures
Differences compared to ΛCDM arise in the growth of cosmic structures. The linearised perturbed metric in the Newtonian gauge reads 6) with Φ and Ψ the two Bardeen's potentials [57] . For the two metric perturbations Φ = −Ψ still holds, because the scalar field does not present any anisotropic stress. From Einstein's perturbed field equations one obtains the evolution equation for the Newtonian potential Φ [58] ,
where a prime denotes a derivative with respect to the conformal time dτ = dt/a, and H ≡ d ln a/dτ is the conformal Hubble parameter. Here, c s (a) is the effective speed of sound.
For the present Lagrangian we have [43] c s 8) and it is easy to see that the extra parameter c ∞ represents the value of the speed of sound when a → ∞. Moreover, when a → 0, c s → 0. To summarise, in UDM models the fluid which leads to the observed accelerated expansion is also the one which clusters and produces the cosmic structures we see today. Thus, from equality to the present epoch, the energy density of the Universe is dominated by a single "dark fluid," and the gravitational potential evolution is therefore determined by the background and perturbation evolution of this fluid alone. As a result, the general trend is that the possible appearance of a sound speed significantly different from zero at late times corresponds to the appearance of a Jeans length λ J (a) ∝ c s (a) [44] below which the dark fluid does not cluster any more, causing a strong evolution in time of the gravitational potential [45, 46] . Since in UDM models gravity is still described by General Relativity, the growth of cosmic structures and matter over-densities can be studied by using the canonical Poisson equation 9) which relates the matter density contrast δ(t, x) to the Newtonian potential Φ(t, x). The latter is obtained from eq. (2.7).
Cosmological Observables
We adopt the Fisher matrix formalism [59] [60] [61] to make predictions on UDM models from future large-scale surveys. Specifically, we describe our approach based on the Fisher matrices for a LSS survey such as Euclid and a CMB experiment like Planck. For the former, we exploit both its spectroscopic measurements -to study galaxy clustering -and its photometric data -to analyse the cosmic shear effect. The Fisher matrix is the expectation value of the second derivative of the natural logarithm of the likelihood function, L, with respect to the cosmological parameters {ϑ α }, i.e.
and the marginal error on parameter ϑ α is (F −1 ) αα . The total Fisher matrix that we scrutinise here is
where F LSS = F BAO +F γ and F CMB = F T +F E +F T E , being F BAO , F γ , F T , F E and F T E the contributions from BAO, cosmic shear tomography and CMB temperature, E-polarisation and their cross-correlation, respectively. Finally, another important quantity that we calculate is the correlation between the parameter pair ϑ α -ϑ β , which is defined as
This quantity tells us whether the two parameters are completely uncorrelated ( r ϑα−ϑ β = 0) or completely degenerate ( r ϑα−ϑ β = 1), with all the hues in between. 
Large-Scale Structure
The main observable we use concerning the Universe's LSS is the matter power spectrum P δ (k, z). It is defined as the Fourier transform of the two-point correlation function, which at a given time t reads
with s = |x − y| the separation between the two positions. Figure 1 shows ξ δ (s) at z = 0, as expected in UDM models with different c ∞ 's. Specifically, the fiducial value 0.0001 (blue curve) as well as 0.005 (green curve) and 0.01 (red curve). Our fiducial UDM model clearly shows the BAO peak at ∼ 150 h −1 Mpc. Contrarily, the larger is the speed of sound, the more suppressed is the perturbation clustering on small scales -as expected (see Section 2). Moreover, we can also notice that a large value of c ∞ not only inhibits the growth of structures below the Jeans length λ J , but also acts by sweeping the BAO signatures out. This is easy to understand: we shall be able to observe the BAO peak of matter perturbations only if the BAO characteristic scale is larger than the Jeans length. Otherwise, the suppression of the Newtonian potential due to the hydrodynamics of the scalar field drags any over-density away.
The UDM peculiar growth of density perturbations, which comes from eqs.(2.7)-(2.9), can be accounted for by a time-and scale-dependent term in the power spectrum [47] . Here, we use the analytical approximation of Piattella and Bertacca [62] , which has been shown to depart from the actual solution by less than 0.5%. Specifically, it reads
where Γ is Euler's gamma function, J ν is Bessel's function of order ν and
Hence, in the linear régime of perturbations, the power spectrum of the clustering component of the UDM scalar field is
with n s the scalar spectral index of the primordial power spectrum, A s the dimensionless amplitude of the primordial curvature perturbations at the pivot scale k 0 = 0.002 Mpc −1 and T (k) the matter transfer function, which describes the evolution of perturbations through the epochs of horizon crossing and radiation-matter transition. Here, D + (z) is the growth factor, and it is defined as time-dependent part of the density contrast. The present-day matter power spectrum is usually referred to as P (k) ≡ P δ (k, z = 0).
Baryon Acoustic Oscillations
In this section we investigate the galaxy power spectrum P g (k, z). We utilise the so-called P (k)-method marginalised over growth information, which exploits only the shape and the BAO positions of the matter power spectrum. This means that we marginalise over the amplitude and redshift-space distortions. This method allows us to estimate the cosmological parameters which characterise the underlying fiducial cosmology from the galaxy catalogue. It has already been applied to the galaxy power spectrum in a number of works [see e.g. [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] . Here, we present the main formulae describing this approach.
When we include redshift-space distortions, the galaxy power spectrum reads
where k ⊥ and k are the wave-numbers across and along the line of sight, b g (z) is the redshiftdependent galaxy bias and β(k, z) is the linear redshift-space distortion parameter [74] . We also add the damping factor e −k 2 µ 2 σχ 2 to take redshift uncertainties into account, with µ = k · n the cosine between k and the line-of-sight direction n, σ χ = (∂χ/∂z)σ z , dχ = dH(z)/dz being the differential radial comoving distance and σ z the error on redshift measurements [63, 75] . However, the observed galaxy power spectrum actually is [63] . It could arise from clustering bias even on large scales due to local bias [78] . We divide the survey volume V survey in redshift shells with size ∆z = 0.1, centred at redshift z i , and choose the following set of parameters
Here, ω m = Ω m h 2 and ω b = Ω b h 2 are the so-called physical matter and baryon fractions. Finally, since the growth factor D + (z), the bias b g (z) and the power spectrum normalisation A s are completely degenerate, we introduce the quantity [66, 79, 80] , with P 0 a handle for the power spectrum normalisation.
It has been shown that the Fisher matrix associated to the observed galaxy power spectrum can be well approximated by [61, 81] 
where the derivatives are evaluated at the parameter values ϑ i of the fiducial model and V eff is the effective volume of the survey, namely
12)
N g being the mean galaxy number density. We do not include information from the amplitude D + (z i ) and the redshift space distortions β(k, z i ), we thus marginalise over these parameters and also over P i shot . Then, we project {H(
The transformation from one set of parameters to another is given by 14) where J i α is the Jacobian matrix of the coordinate transformation in the parameter space.
Cosmic Shear
Weak gravitational lensing is responsible for the shearing and magnification of the images of high-redshift sources due to the presence of intervening matter. The distortions are due to fluctuations in the gravitational potential, and are directly related to the distribution of matter and to the geometry and dynamics of the Universe. In particular, the distortions occurring to a background image can be decomposed into a convergence κ and a (complex) shear γ = γ 1 + iγ 2 , which are the entries of the distortion matrix
The distortion matrix is directly related to background and perturbed cosmological quantities via [82, 83] 
with commas denoting derivatives with respect to directions perpendicular to the line of sight n. Here,
is the weight function of weak lensing, and dN g /dz [χ(z)] represents the redshift distribution of the sources, normalised such that dN g = 1.
In the flat-sky approximation, we expand the shear γ( n) in its Fourier modes and the two-dimensional angular power spectrum C γ (ℓ) is given by
In the case where one has distance information for individual sources, we can use this information for statistical studies. A natural course of action is to divide the survey into slices at different distances, and perform a study of the shear pattern on each slice [84] . In order to use the information effectively, it is necessary to look at cross-correlations of the shear fields in the slices, as well as correlations within each slice. This procedure is usually referred to as tomography. By doing so, the two-dimensional tomographic shear matrix becomes 19) where W i (χ) is the weight function (3.17) related to the i-th bin and we have introduced Limber's approximation, in which the only Fourier modes that contribute to the integral are those with ℓ = kχ. For cosmic shear tomography, for a square patch of the sky, the Fourier transform leads to uncorrelated modes, provided the modes are separated by 2π/Θ rad where Θ rad is the side of the square in radians. Then, the Fisher matrix is simply the sum of the Fisher matrices of each ℓ mode, 20) where f Euclid sky is the fraction of the sky covered by the survey under analysis and C µ,µ ℓ ij is the covariance matrix for a given ℓ mode and the i-j bin pair, i.e.
with γ int 2 0.5 ≃ 0.4 the galaxy-intrinsic shear rms in one component and δ ij the Kronecker symbol. Figure 2 shows the linear UDM shear power spectrum ℓ(ℓ + 1)C γ (ℓ)/(2π) for sound speeds with c ∞ = 0.0001 (blue curve), 0.005 (green curve) and 0.01 (red curve). As in Figure 1 , it is easy to see the effect due to an increasing c ∞ , which suppresses the Newtonian potential on scales smaller than the inverse of the Jeans length. This reflects on the shear power spectrum through Limber's equality k = ℓ/χ. 
Cosmic Microwave Background
Here, we make use of the Planck-mission parameter constraints as CMB priors by estimating the cosmological parameter errors via measurements of the temperature and polarisation power spectra. The main observables are the angular power spectrum of the CMB temperature anisotropies C T ℓ and its E-polarisation C E ℓ . We do not include any B-mode in our forecasts and assume no tensor mode contribution to the power spectra.
The Fisher matrix for CMB power spectrum is given by [85, 86] 
where f Planck sky is the sky fraction covered by Planck and C X ℓ is the harmonic power spectrum for the temperature-temperature (X ≡ T ), temperature-E polarisation (X ≡ T E) and the E polarisation-E polarisation (X ≡ E) signal. The covariance matrix C X,Y ℓ of the errors for the various power spectra is given by the fourth moment of the distribution, which under Gaussian assumptions is entirely given in terms of the C X ℓ with
where W T,P = c W c T,P , W c T,P = (σ c T,P θ c fwhm ) −2 is the weight per solid angle for temperature and polarisation respectively, with a 1-σ sensitivity per pixel of σ c T,P and a beam of θ c fwhm extent, for each frequency channel c. The beam window function is given in terms of the full width half maximum (fwhm) beam width by
Large-Scale Surveys
In this section, we briefly present the large-scale surveys we use in our analyses.
Euclid Satellite
As a LSS survey, we adopt a Euclid-like experiment for both spectroscopic galaxies measurements and photometric cosmic-shear data.
Galaxy Survey
For the spectroscopic galaxy survey, we adopt the empirical redshift distribution of Hα emission line galaxies derived by [88] from observed Hα luminosity functions, and the bias function derived by [89] using a galaxy formation simulation. In particular, we choose a flux limit of 4 · 10 −16 erg s −1 cm −1 , and a redshift success rate of 0.5. We use the Euclid Red Book [48] specifications for the survey area 15,000 deg 2 , the redshift accuracy σ sp z /(1 + z) ≤ 0.001, and a redshift range 0.65 ≤ z ≤ 2.05. With such an accuracy, the optimised subdivision in redshift bins has been found that shown in the left panel of Figure 3 .
Cosmic-Shear Survey
We compute our results for a 15, 000 deg 2 cosmic-shear experiment. The source distribution over redshifts has the form [90] 
where z 0 = z m /1.4, and z m = 0.9 is the median redshift of the survey. The number density of the sources, with estimated photometric redshift and shape, is 30 per square arcminute.
To perform the cosmic-shear tomography explained in Section 3.1.2, we divide the redshift distribution of sources into ten redshift bins. However, the Euclid imaging survey will only provide photometric-redshift measurements, which are known to be less accurate than those obtained from spectroscopy. The scatter between the true redshift and the photometric estimate is assumed to be of order 3% and scale linearly with z, that is to say σ ph z = 0.03(1+z). The right panel of Figure 3 illustrates the total dN g /dz (solid, black) and the ten photometricredshift bins we use (dashed, red).
Planck Satellite
Our fiducial CMB experiment is the Planck mission, according to the Planck Blue Book [49] . We use the 100 GHz, 143 GHz, and 217 GHz channels as science channels. They have a beam of θ fwhm = 9.5 ′ , θ fwhm = 7.1 ′ , and θ fwhm = 5 ′ and sensitivities of σ T = 2.5 × 10 −6 , σ T = 2.2 × 10 −6 , σ T = 4.8 × 10 −6 for temperature, and σ P = 4 × 10 −6 , σ P = 4.2 × 10 −6 , σ P = 9.8 × 10 −6 for polarisation, respectively. We take f Planck sky = 0.8 as the sky fraction to account for galactic obstruction, and use a minimum angular mode ℓ min = 30 in order to avoid problems with polarisation foregrounds. We discard temperature and polarisation data at ℓ > 2000 to reduce sensitivity to contributions from patchy reionisation and point source contamination [see 91, and references therein].
Results and Discussion
The set of cosmological parameters we eventually probe is ϑ α = {Ω m , Ω b , h, c ∞ , n s , σ 8 } with fiducial values µ ϑα = {0.28, 0.045, 0.7, 0.0001, 0.96, 0.8}, respectively. We choose the c ∞ value according to previous analyses [45] . Moreover, it has been shown that this value is slightly favoured by actual data, as obtained in Ref. [47] , where these UDM models have been constrained by cross-correlating CMB measurements with observations from six galaxy catalogues (NVSS, HEAO, 2MASS and SDSS main galaxies, luminous red galaxies, and quasars).
For the matter power spectrum, we use the transfer function of Eisenstein and Hu [92] . Besides, since no comprehensive study of the non-linear behaviour of perturbations in UDM models have been performed so far, we decide to limit ourselves to the linear case only. Note that this differs from what have been done in Camera et al. [46] , and our present choice consequently affects the results. However, in the end of this analysis we will also present how a less conservative -yet reasonable -approach yields significantly better results. Nonetheless, we prefer to be as conservative as possible. Hence, the physical and angular scales we probe here respectively are k < k nl ≃ 0.2 h Mpc −1 and ℓ ≤ 500. Also note that in the present analysis we are not including the covariance between BAO signal and cosmic shear. The marginal errors σ ϑα on the fiducial values µ ϑα of the cosmological parameters ϑ α obtained by following the procedures outlined in Section 3 are presented in Table 1 . Moreover, we also show the correlation coefficient eq. (3.3) of the parameters with c ∞ , i.e. r ϑα−c∞ .
Let us start by commenting the BAO survey. This analysis yields good results for the marginal errors on the cosmological parameters. However, it must be noted that the relative marginal error on c ∞ is one order of magnitude larger than what obtained by using the shear. This is mainly because the fiducial value of the sound-speed parameter makes the UDM matter power spectrum very similar to what predicted by ΛCDM -at least at the linear scales considered in this work. Therefore, the galaxy survey alone is not able of putting tight constraints on c ∞ , since its effect on the BAO peak of the two-point correlation function (3.4) is too week to be discriminated against ΛCDM. By contrast, the constrain on the dimensionless Hubble constant h is stronger for BAO than for the shear. The reason of that is the sensitivity of the BAO power spectrum to the position of the peak of the two-point correlation function (see Figure 1) .
For what concerns the shear γ, the errors are thoroughly comparable with the previous case. However, the power-spectrum normalisation σ 8 is worth a dedicated comment. Indeed, its marginal error is particularly small. The reason is straightforward: weak lensing effects are sourced by the whole large-scale distribution of matter over-densities. This means that it is an estimator of Ω m directly, without need of any tracer -like galaxies are. Therefore, it not only can tightly constrain the total matter fraction, but is also independent of the bias. Thus, the shear can lift the well-known degeneracy between Ω m and σ 8 which typically plagues galaxy surveys.
The constraints on Ω m and c ∞ coming from BAO+γ are mainly dominated by the latter, which is the best. Indeed, its forecast marginal error is ∼ 27% smaller than in the γ-only case. Regarding the other errors, they are diminished almost by a factor two, which is a very good result. Besides, the marginalisation process also tightens the shear constraint on σ 8 , albeit the power-spectrum normalisation has been marginalised over in the BAO Fisher matrix.
The best marginal errors are obtained when we combine both Euclid probes together with the priors from Planck. For the latter, we calculate the corresponding Fisher matrix F CMB (3.22) by using camb [93] . 3 Since the class of UDM models we scrutinise here is explicitly constructed to have no tension with CMB measurements, we cannot use Planck to directly probe the scalar-field speed of sound. Nevertheless, its constraining potential on the other cosmological parameters is far well known. Furthermore, as can be seen in the rightmost columns of Table 1 , Planck priors on the ΛCDM parameters yield an enhancement on the c ∞ error anyway. This is because σ ϑα 's are the 1σ confidence level marginalised over all the other parameters.
To better understand these results on c ∞ , we show in Figure 4 the 68% two-parameter contours in the (c ∞ , ϑ α ′ )-plane, with ϑ α ′ = {Ω m , Ω b , h, n s , σ 8 }. The solid black line corresponds to BAO+γ data from an Euclid-like survey. The dashed red line is obtained with the further addition of Planck priors.
Looking at the correlations r ϑα−c∞ , the sound speed appears degenerate with respect to some of the other parameters, when we consider the shear only. Particularly, this degeneracy shows up with the slope n s of the primordial power spectrum and its normalisation σ 8 . Actually, this fact was expected; indeed, Camera et al. [45] have demonstrated that, if we restrict ourselves to the linear régime of perturbations -namely, for small ℓ's -, the suppression of growth due to a large value of c ∞ can be healed by tuning n s and σ 8 . As a result, their correlations with c ∞ are larger. Contrarily, this does not happen in the BAO case, since here we marginalise over the power-spectrum normalisation. Finally, when we add the Planck priors, almost all the correlations drop down, since the use of CMB data here is exactly for lifting the degeneracies between parameters. This is clearly visible in Figure 4 .
We want to emphasise that these results have been obtained by using only linear (physical or angular) scales. This means that they are completely reliable and robust, since in that régime the growth of perturbation for the dark-matter-like component of the UDM scalar field is well understood. Moreover, it is also worth underlining once more that the c ∞ fiducial value we use is in agreement with all the relevant cosmological data which ΛCDM has been fitted against. Such value is also somehow favoured by several of the presently-available galaxy catalogues [47] . Unfortunately, the price of this agreement is that this UDM model is hardly distinguishable from pure ΛCDM, as it is demonstrated by our all-inclusive forecast accuracy σ c∞ = 0.0001. Hence, the development of a non-linear framework for UDM models is one the major priorities for allowing us to better test and either confirm or rule out this class of alternative cosmologies.
As a final remark, we show how our approach would yield much better results if we included some amount of non-linear information. To do this, we follow Camera et al. [46] , where the authors have assumed that a halofit non-linear power spectrum may well behave for small-c ∞ UDM models. Although this assumption is arbitrary and not supported by any theoretical or numerical piece of evidence, it is a fairly reasonable approximation. Indeed, the power spectrum of the clustering component of the scalar field in a UDM model with c ∞ = 0.0001 differs from the standard ΛCDM matter power spectrum by less than 10% still at mildly non-linear scales such as k = 0.3 h Mpc −1 . Table 2 shows the 1σ parameter errors obtained by performing the cosmic-shear Fisher analysis up to ℓ max = 1000 or 5000, in comparison with the linear result with ℓ max = 500. By doing so, we immediately are able to detect significant departures from the ΛCDM expected signal and thus lift such a model degeneracy. Indeed, we find c ∞ = 0.0001±0.00007, when we include non-linear angular scales up to ℓ max = 1000, or even c ∞ = 0.0001 ± 3 · 10 −6 , when ℓ max = 5000. This is particularly important because Euclid will cover those non-linear scales.
Conclusions
In this paper, we scrutinise a class of cosmological models where -conversely to ΛCDM -dark matter and dark energy are two aspects of the same "dark fluid." Specifically, an exotic scalar field presents an energy density containing both a dark-matter-like term and a constant term which could play the rôle of the cosmological constant Λ [see 32, for an exhaustive review]. We refer to such cosmologies as Unified Dark Matter (UDM), and we focus on a cosmologically-viable family of UDM models [43] , where the only extra-ΛCDM Table 2 . Marginal 1σ errors σ ϑα on the fiducial values µ ϑα of the cosmological parameters ϑ α for cosmic-shear Euclid-like experiment with the inclusion of non-linear angular scales up to ℓ max = 1000 (fourth column) or 5000 (fifth column), in comparison with the linear result with ℓ max = 500 (third column).
parameter is c ∞ , viz. the value of the scalar-field sound speed when a → ∞. We use a fiducial value which has been obtained by Bertacca et al. [47] by cross-correlating CMB measurements with observations from six galaxy catalogues.
The main features of these UDM models is indeed the presence of such non-negligible speed of sound for the perturbations of the dark-matter component of the scalar field. This implies an effective Jeans length for the Newtonian potential, which causes a strong time and scale dependence on the growth of dark-matter-like fluctuations. Particularly, perturbations which form on scales smaller than the inverse of the Jeans length cannot cluster. Furthermore, the scalar-field sound speed is a time-dependent quantity, it therefore introduces an additional redshift dependence in the growth of cosmic structures.
Given these peculiarities, we decide to exploit the potentialities of the future generation of wide-field, large-scale surveys to constrain these UDM models. A similar approach has been also adopted by Xu, Wang and Noh [94] , whose UDM model has instead a constant, adiabatic speed of sound [see also 95] . Here, we focus on the Euclid mission [48] . Indeed, it will be a powerful tool, as it involves both a spectroscopic galaxy survey and an imaging photometric survey. We make use of the former to study the BAO signatures expected in UDM models, whilst the latter is utilised for analysing the cosmic shear γ, i.e. the weak-lensing signal due to the potential wells of the large-scale structure of the Universe. These probes perfectly suit the pursue; BAO are caused by oscillations in the baryon-photon fluid before recombination and, as a matter of fact, the clustering suppression of the scalar-field perturbations below the Jeans length acts by making the Newtonian potential strongly oscillating as well. On the other hand, the cosmic shear encodes the large-scale distribution of under-and over-densities in the cosmos, which can be substantially different in UDM models compared to ΛCDM. Finally, we also take advantage of the ongoing Planck mission, which will yield extremely accurate data on both the temperature anisotropies of the CMB and its polarisation.
We decide to not include non-linear scales in our analysis. Indeed, in UDM models there is, so far, no theory available able of predicting the growth of perturbations in the non-linear régime. Therefore, we consider only k < k nl ≃ 0.2 h Mpc −1 and ℓ ≤ ℓ max = 500. This strongly affects our results. The major problem is that a UDM model with our fiducial c ∞ = 0.0001 is hardly distinguishable from a standard ΛCDM model. Though this is good because there is thus no tension with the currently present data, it makes it very hard to discriminate amongst the models. However, we still find that UDM models can be constrained to a certain degree of accuracy by the joint venture of Eulid and Planck, with an eventual relative marginal error of order 1. This is a remarkably good result, given the UDM power spectrum almost degenerate with ΛCDM, on linear scales.
As a ultimate result, we explore what could be done if some amount of non-linear information were included in the analysis. According to Camera et al. [46] we assume that halofit fitting formulae well reproduce the UDM non-linear behaviour. This is certainly an arbitrary assumption, but it is also reasonable, since the power spectrum of the clustering component of the scalar field in a UDM model with c ∞ = 0.0001 differs from the standard ΛCDM matter power spectrum by less than 10% still at mildly non-linear scales. By doing so, we found extremely better results, with marginal errors on c ∞ of order 0.7 or even 0.03.
